Many important fluids, however, such as molten plastics, polymers, etc., are nonNewtonian in their flow characteristics. The flow of non-Newtonian fluids are finding increasing applications in several manufacturing processes. Flow of a thin liquid film of a power-law fluid caused by the unsteady stretching of a surface studied numerically by Andersson et al. (1996) and analytically by Wang and Pop (2006) . The thin film flow problem with a third grade fluid on an inclined plane hase beed investigated by Siddiqui et al. (2008) . Chen (2007) examined the effect of Marangoni convection of the flow and heat transfer within a power-law liquid film on unsteady stretching sheet. Siddiqui et al. (2007) presented the thin film flow of two non-Newtonian fluids namely, Sisko and an Oldroyd 6-constant fluid on a vertical moving belt. Hayat et al. (2008) presented an exact solution for the thin film flow problem of a third grade on an inclined plane. The problem of the flow and heat transfer in a thin film of power-law fluid on an unsteady stretching surface has been investigated by Chen (2003 Chen ( , 2006 where he also studied the effect of viscous dissipation on heat transfer in a non-Newtonian thin liquid film over an unsteady stretching sheet. The flow and heat transfer problem of a second grade fluid film over an unsteady stretching sheet has been presented by Hayat et al. (2008) . Abel et al. (2009) investigated the effect of non-uniform heat source on MHD heat transfer in a liquid film over an unsteady stretching sheet. Sajid et al. (2009) presented exact solutions for thin film flows of a micropolar fluid down an inclined plane on moving belt and down a vertical cylinder. Mahmoud and Megahed (2009) investigated the effects of variable viscosity and thermal conductivity on the flow and heat transfer of an electrically conducting non-Newtonian power-law fluid within a thin liquid film over an unsteady stretching sheet in the presence of a transverse magnetic field.
Non of the above authors deals with the problem involving the thermal radiation on the flow and heat transfer in a liquid film on unsteady stretching surface. Thermal radiation effects may play an important role in controlling heat transfer in industry where the desired product with a sought characteristics depends on the heat controlling factors to some extent. The effect of thermal radiation on the flow and heat transfer of a nonNewtonian fluids has been studied by several authors (Aliakbar et al. 2009; Mahmoud 2007; Raptis 1998 Raptis , 1999 Siddheshwar and Mahabaleswar 2005; Hayat and Qasim 2010) . The transfer of heat due to the missing electromagnetic waves (thermal radiation) has been presented by Baleanu et al. (2015) . Available literature shows that the effect of thermal radiation on Maxwell liquid film over an unsteady stretching sheet immersed in a porous medium is not being carried out. Therefore, the aim of this study is to investigate the influence of thermal radiation on heat transfer in an upper-convected Maxwell liquid film over an unsteady stretching surface embedded in a porous medium.
Formulation of the problem
Consider a laminar and incompressible unsteady flow of an upper-convected Maxwell fluid in a thin liquid film on a stretching surface immersed in a porous medium issuing from a narrow slit at the origin as shown in Fig. 1 . The continuous surface aligned with the x axis at y = 0 moves in its own plane with a velocity u s (x, t) and temperature distribution T s (x, t). A thin liquid film of uniform thickness h(t) lies on the horizontal surface.
The basic equations for mass, momentum and energy in the thin liquid layer using the usual boundary layer approximations are:
where u and v are the velocity components along the x and y directions, respectively. ρ is the fluid density, T is the temperature of the fluid, t is the time, µ is the viscosity of the fluid, 1 (t) = 0 (1 − at) is the relaxation time of period, 0 is a constant (Mukhopadhyay 2012) , k is the permeability of the porous medium, κ is the thermal conductivity, q r is the radiative heat flux and c p is the specific heat at constant pressure.
The appropriate boundary conditions for the present problem are:
where h is the thickness of the liquid film which has been assumed to be uniform. The flow is caused by stretching the elastic surface at y = 0 such that the continuous sheet moves in the x-direction with the velocity (Dandapat et al. 2003) :
where a and b are positive constants with dimension (time) −1 . Eqation (5) imposes a kinematic constraint of the fluid motion. T s is the surface temperature of the stretching here T 0 is the temperature at the slit and T ref is the reference temperature, which can be taken either as a constant reference temperature or a constant temperature difference. In the present work T ref will be taken as T ref = T 0 . It should be noticed that the Eqs. (7) and (8), on which the following analysis is based, are valid only for time t < 1 a . The radiative heat flux q r is employed according to Rosseland approximation (Raptis 1999) such that:
where σ * is the Stefan-Boltzmann constant and k * is the mean absorption coefficient. Following, Raptis (1998), we assume that the temperature difference within the flow are small such that T 4 may be expressed as a linear function of the temperature. Expanding T 4 in a Taylor series about T 0 and neglecting higher-order terms, we have:
We introduce the following dimensionless variables (Dandapat et al. 2003): where ψ is the stream function that satisfies the continuity Eq. (1). The velocity components are:
By using the transformation given in Eqs. (11)- (14), the governing Eqs. (2)-(3) and the boundary conditions (4-6) become: µ(1−at) is the Darcy number. For similarity solution the permeability k is taken in the form k(t) = (1 − at). β is unknown constant, denotes the value of η at the free surface, which must be determined as a part of the present problem. It is noticed that although the dimensionless film thickness β is constant which depends only on S, the actual film thickness h(t) depends only on time t, then the actual film thickness β = η at y = h i.e.
The physical quantities of interest are the local skin-friction coefficient Cf x and the local Nusselt number Nu x which are defined as:
where Re x = u s x ν is the local Reynolds number.
Results and discussion
The exact analytical solution for the system of non-linear ordinary differential Eqs. (15) and (16) with the boundary conditions (17)- (19) is not feasible. Therefore Eqs. (14) and (15) 
(1 − at) Table 3 . Figure 2 demonstrates the effect of the Darcy parameter D on the horizontal velocity profiles for different values of S. It is revealed that the transverse velocity decreases as the Darcy parameter increases. Also, it is noticed that the film thickness β decreases as the unsteadiness parameter S increases. The dimensionless temperature profiles θ(η) are depicted in Fig. 3 for various values of D. It is observed that the temperature at a point increases with increase in D. This is due to the fact that the porous medium produces a resistive type of force which causes a reduction in the fluid velocity and enhancing the temperature. The effect of the radiation parameter on the dimensionless temperature θ(η) is displayed in Fig. 4 . It is seen that the increase of the radiation parameter leads to an increase in the temperature at any point. This is because the increase in the radiation parameter implies higher surface heat flux and thereby increasing the temperature of the fluid. The influence of the Deborah number on the transverse velocity f ′ (η) is shown in Fig. 5 . It is shown that at any point f ′ (η) decreases as De increases. Also, it is Table 2 seen that the transverse velocity decreases with η and the film thickness decreases with increasing De. Figure 6 demonstrates that at any point the dimensionless temperature θ(η) increases with the increasing of the Deborah number De. Also, it is noticed that the dimensionless temperature decreases with η. The variation of the dimensionless temperature against η for various values of the Prandtl number are displayed in Fig. 7 . It is found that the temperature decreases with η until its value at the free surface. It is also, observed that the temperature decreases with the increase of the Prandtl number. This is due to the fact that a fluid with larger Prandtl number possesses larger heat capacity, and hence augments the heat transfer.
The numerical values of the local skin-friction and the local Nusselt number in terms of −θ ′ (0) for various values of the Darcy parameter D, the radiation parameter R, the Deborah number De and the Prandtl number Pr for both cases S = 0.8 and S = 1.2 are tabulated in Table 3 . It can be seen that the local skin-friction coefficient increased by increasing D or De, whereas the local Nusselt number decreases with the increasing the Darcy parameter and the Deborah number. Also, it is noticed that the local Nusselt number decreases as the radiation parameter increases and increases with the increase of the Prandtl number. However it is found that the local Nusselt number decreases as S increases whereas the local skin-friction coefficient decreases with the unsteadiness parameter. Moreover, it is observed that the free surface temperature θ(β) increases by increasing D, R, S and De whereas it decreased with increasing the Prandtl number. 
Conclusions
A theoretical analysis is performed to study thermal radiation effects on flow and heat transfer in an upper convected Maxwell liquid film on an unsteady stretching sheet embedded in a porous medium. The governing equations are transformed to a system of non-linear ordinary differential equations which is solved numerically using the fourth order Runge-Kutta scheme with the shooting technique. The main conclusions which have been found from the present study are: 
